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Abstract 
The research field of Industrial Product-Service Systems (IPS2) is not fully mature and there is a need to expand research directions to improve 
design models. Despite the current IPS2’s potential as a business model for a more sustainable production and consumption system, a generic 
model at global level does not necessarily brings improvement in sustainability. One way of giving a more accurate meaning to sustainability is 
the territorial understanding of the term. Thus, shifting design level from global to regional or local levels could interpret sustainability more 
articulate, current, and pragmatic. The present paper discusses territorialisation as a new approach for supporting the design of Industrial 
Product–Service Systems. To respond to such a need, designers need to access geographical information that able them to integrate territorial 
specifications in a proper way. In such a context, ontology could play a relevant role to analyse and discover the relation of geographical 
information system (GIS) in the life cycle of a product and the related service networks. Improvement in sustainability could be a result of this 
integration. The focus of this paper is just on environmental pillar. 
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1. Introduction 
Realization of information retrieval processes represents one 
of the basic functions of the IPS2 components. It represents 
the basis for a continuous improvement of both product and 
service offerings as well as corresponding processes and 
resources by complementing the already existing knowledge 
of the manufacturers [1]. Although the information aspect 
plays a key role, no information dimension of IPS2 is related 
with geographical information system (GIS) [2]. The design 
parameters concerning product life cycle phases could be 
highly different due to the multiple possibilities for using a 
specific product depending on the territory of the industry [3] 
and the industries are already working with very similar 
understandings of this term but geographical information 
system support does not exist in their decisions. These lead to 
a new academic challenge that has to be solved. How 
geographical information could territorialize the design of 
IPS2 and what impact on sustainability can result out of this 
new design approach? As this research is currently at a 
rudimentary stage, the development of a robust ontology 
model that is visualized by Unified Modeling Language 
(UML) would be helpful to answer these questions. The 
primary objective of this ontology development is to aid 
clarity to the top-level concepts of IPS2 and GIS integration 
which would help to communicate these concepts better 
between researchers and practitioners. This development 
included the collection of IPS2 and GIS concepts, the 
definition of each concept, the grouping and structuring of the 
concepts hierarchically as well as the identification of the 
relationships between these concepts. 
The ‘Introduction’ section described the context of this paper. 
The next section, ‘Methodology’, explains the methodology 
adopted in writing the paper. This is followed by the 
Industrial Product-Service Systems’ section, which presents 
its concept available in the literature. The ‘Sustainable 
development for territory’ section then addresses 
opportunities for increasing environmental sustainability by 
using geographical and environmental information. The 
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“Proposed model” section describes the model and finally 
“Conclusion”. 
2. Methodology 
As this research is in its infancy, review of literature reveals 
that the terminologies used to describe IPS2 vary 
considerably. Therefore, in order to start and define the 
proposed idea, development of an ontology is employed as the 
methodology, which is defined as an explicit formal 
specification of the terms in the domain and the relations 
amongst them [4]. Ontology may take a variety of forms, but 
necessarily it will include a vocabulary of terms, and some 
specification of their meaning. This includes definitions and 
an indication of how concepts are inter-related which 
collectively impose a structure on the domain and constrain 
the possible interpretations of terms [5]. The challenge is not 
in building a totally different information technology structure 
but to develop common representation within the IPS2 
community. The purposes of developing a standardized 
ontology are that it could help researchers and practitioners to 
communicate and share their views without ambiguity and 
thus encourage the conception and implementation of useful 
methods and tools. In this paper, an initial structure of IPS2 
ontology from the design perspective is proposed.  
3. Industrial product-service systems (IPS2) 
Business-to-business and business-to-customer markets have 
a tendency to offer integrated and mutually determined 
planning, development, provision and use of product and 
service which are sold in one package to meet the customer’s 
needs. These combinations of products and services are called 
product-service systems (PSS) or industrial product-service 
systems (IPS2), in the case of industrial applications [6]. 
Meier defined IPS2 as a combination of tangible products and 
intangible services, providing a value to the customer via the 
complete life cycle [7]. From the point of view of the IPS2 
manufacturer, the product life cycle starts with industrial 
product design, followed by product manufacturing, servicing 
and remanufacturing. From the customers point of view, it 
consists of product purchase, usage and disposal. Taking these 
perspectives into consideration, the manufacturer has to 
design physical products optimized for manufacturability, 
servicing and remanufacturing as well as non-physical 
services that support his customers during product purchase, 
usage and disposal [2], [8], [9]. 
3.1. Product Model 
The demand for higher quality and lower cost products with 
shorter development lead-time for the dynamic global market 
has forced industries to focus on various new product design 
strategies. Although each product design strategy has different 
focuses and approaches, they all share one fundamental 
requirement: the need for advanced information technologies 
to integrate and coordinate life-cycle considerations during 
product design activities [10]. A central issue among these 
information technologies is product modeling, which 
generates an information reservoir of product data to support 
activities at different product design phases [11].  In order to 
introduce the idea of product models into industrial use, a 
pragmatic approach is necessary to realize the application 
benefits progressively. 
Different modelling languages are adopted to represent 
different product information, for example EXPRESS for 
geometry as seen in STEP, and UML for beyond geometry 
information as defined in Core Product Model (CPM) [5]. 
STEP (Standard for the Exchange of Product Model Data) [4] 
is an inter-lingua for defining and specifying products. The 
primary motivation for STEP is to achieve inter-operability 
and to enable product data to be exchanged amongst different 
computer systems and environments associated with the 
complete product lifecycle. CPM model provides a core 
representation for product development information, which 
can form the basis of future systems [12]. Recently it has 
become apparent that the initial CPM possessed some of the 
key characteristics needed to support a broad range of 
information relevant to Product Lifecycle Management 
(PLM). Therefore the initial CPM is extended to CMP2, based 
on two principles; first, the key object in the CPM2 is the 
artifact. Artifact represents a distinct physical entity in a 
product, whether that entity is a component, part, 
subassembly, or assembly. Second, the artifact is an 
aggregation of three objects form, function and behaviour. 
3.2. Service Model 
A good starting point for elaborating a service development 
methodology can be borrowed from product development 
requirements, but when attempts are applied these 
requirements to service development, very quickly a basic 
problem of definitions within the service sector is faced. 
Although different classification schemes have been 
proposed, no categorization has been either as pervasive or as 
useful as the process type classification provided in the 
production management literature [13].  Bullinger et al. [14] 
argue that a typical service can be characterized by three 
different dimensions: a structure dimension (the structure 
determines the ability and willingness to deliver the service in 
question), a process dimension (the service is performed on or 
with the external factors integrated in the processes) and an 
outcome dimension (the outcome of the service has certain 
material and immaterial consequences for the external 
factors). These three dimensions must be taken into account 
whenever services are developed. Logically, suitable models 
and concepts should be provided for each of these dimensions 
in the development process. The outcome dimension can be 
represented by means of product models, which typically 
comprise a definition of the service contents and a structural 
plan of the service products. Whereas product models map 
what a service does, process models describe how the 
outcomes of a service are achieved. 
4. Sustainable development and Territory 
Sustainable development as a road-map is an action plan to 
solve the problem in any activity that uses resources and 
where immediate and intergenerational replication is 
demanded. Unfortunately so far sustainability plays a minor 
role in design education and practice, and design is not 
recognized as a relevant factor in the sustainability discourse. 
Therefore, design and redesign of products based on the 
concept of sustainable development could be a solution to 
128   Kiyan Vadoudi and Nadege Troussier /  Procedia CIRP  30 ( 2015 )  126 – 131 
change tomorrow’s consumption and production patterns [15]. 
Three pillars of sustainability or TBL necessarily interact 
territorially; thus territory-related development has a key role 
in harmonizing TBL pillars towards sustainability. In regions 
(above the local and under the national level), territorial 
structures form a system that is complex and diverse enough 
to define and manage sustainability. Territorial sustainability 
is not only about considering sustainability in the context of 
each sector (or TBL pillar) of a region. It is about the 
sustainability of a territorial system consisting of site-specific 
environmental, social, and economical structures. The 
application of this territorial approach can have an added 
value in all assessments, but it is especially essential to have 
enough geographical and environmental information [16]. 
4.1. Geographical information system 
Geographic Information Systems (GIS) are a special case of 
information systems with a capability to integrate spatial and 
descriptive data [17]. The GIS functions are spatial 
visualization, database management, decision modelling, and 
design and planning. Spatial imaging refers to the 
fundamental GIS capability of representing displays of data 
and information within a spatially defined coordinate system. 
The database management function represents the capability 
of GIS to store, manipulate, and provide access to data. The 
decision modelling function represents the capability of GIS 
to be used to provide support for analysis and decision-
making. Finally, the design and planning function represents 
the capability of GIS to be used to create, design, and plan 
[18]. While environmental, social and geographical 
characteristics and regulations vary significantly by region, 
product designers need to consider these differences to be able 
to manage environmental, economic and social aspects of 
their products and services. Thus, one of the most effective 
ways to relate product design and sustainability issues is on a 
common locational or spatial base. GIS may play several roles 
in the implementation of this goal: as data source for input to 
models, as display and query method for the output of models, 
or as a more integrated mechanism [19]. 
4.2. Environmental Assessment 
Today’s enterprises are highly complex systems that consist 
of multiple geographically distributed business and process 
units that work together. This makes it more difficult for 
companies to address sustainable development issues that 
satisfy customer and regulatory requirements. In the realm of 
sustainable development, life cycle assessment (LCA) is an 
important tool to assist in ensuring proper sustainability 
through assessing the environmental impacts of product 
designs [20]. Within LCA, the overall life cycle of a process 
or product is analysed, taking into account upstream and 
downstream flow from cradle to grave. Furthermore, the 
nature of each geographical aspect could be presented in the 
structure of LCA as the three subsections of technical, 
environmental and social systems, which make link between 
“production” and “process” scales with “territory” through the 
results of LCIA.  
A technical system generally includes processes which might 
be geographically referenced, and which are connected via 
different types of transport systems, such as goods (road, sea, 
air) or energy ware (pipelines, electricity grid) distribution 
systems. The geographic location and extension of such a 
technical system gives relevant information for the modelling 
and assessment of its environmental impact. By giving the 
geographical location of the different parts of the technical 
system, it will be possible to model the dispersion of various 
agents, so that the varying sensitivity of ecosystems, regions, 
etc., can be taken into account where this is relevant. For 
instance, it would be possible to develop companies’ energy 
consumption, water usage, CO2 emissions and wastes 
generation to build scenarios, assess them and make decision. 
When it comes to model, it will able companies to locate 
points of water usage, transportation of water from its source 
to its consumption point, distance of water transportation, 
climate change, air pollutions, soil-map, location of landfill, 
customers distribution and other information. 
5. Proposed Model 
Engineering designers, service and marketing people 
respectively perform product design and service design and it 
has been argued that servicing can significantly influence 
product design. Due to the characteristics of IPS2 described 
above, its structure is a combination of whole lifecycle of 
product and process. Hence the proposed model is integration 
from available product and process models which are matured 
with geographical and environmental information systems. 
Based on the feedback and comments received the model is 
revised and modified. The details about the classes are 
summarized in the following sections.  
 
 
 
 
Fig. 1. Proposed model notation in unified modelling 
language (UML) 
 
 
CPM2 as the selected model for product, heavily influenced 
by the Entity-Relationship data model, consists of two sets of 
classes, called object and relationship, equivalent to the 
UML class and association class, respectively. The main 
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classes of the model, as seen in figure 1, are: Artifact, 
representing any physical entity in a product; Feature, the 
artifact’s form that has a function; Form, geometry and 
material; Function, the intended behavior; Behavior, how the 
Form fulfils the Function; OAMFeature is a specialization of 
Feature, from the Open Assembly Model [12] extension, to 
support the product structure, i.e. the relation between 
assemblies and parts. The environmental impact is defined by 
Flow, so the impact of a Process is the sum of the impacts of 
the Flows. A Flow is classified by its Resources: material 
goods like Part, Assembly and Consummable&tools; 
immaterial goods like Energy or even a Substance [21]. EOL 
(End of life) covers the reuse and waste: recycle (waste 
materials reprocessed into products), energy recovery (waste 
recover as a combustion fuel or composting) and disposal 
(landfill or incineration). Finally, class Use is related to the 
consumptions of the product during the use phase, which also 
has tight relation with Service class. 
In proposed model, the classes Theme and 
GeographicRegion as the basis of any geographic application 
have as their main objective the management and the 
manipulation of a data set for a certain region, constituting a 
geographic database. Class GeographicRegion has aggregate 
relation with LifecycleInventory that is a connector for 
ImpactCategory class. Theme class presents the five themes 
(Location, Place, Human-Environment Interaction, Movement 
and Region) of geography. A collection of themes can be 
specified for each geographic area [22]. A theme defined 
during conceptual design can lead to the implementation of 
several layers, for example a simple theme such as Rivers can 
generate more than one data layer, one containing only linear 
spatial objects and another containing polygonal spatial 
objects. GeographicRegion class defining regions that are 
areas broadly divided by physical characteristics (physical 
geography), human-impact characteristics (human 
geography), and the interaction of humanity and the 
environment (environmental geography). The abstract class 
GeographicPhenomenon generalizes any phenomenon 
whose location in relation to the earth’s surface is being 
considered. For example, a land parcel could be considered as 
an instance if its spatial attributes were to be represented in 
the database. The classes GeographicField and 
GeographicObject that are perceived in the object view 
specialize the class GeographicPhenomenon. 
GeographicField class generalizes phenomena that fit in the 
field view. Some fields refer to variables that are distributed 
on the surface, in a continuous way (e.g., Relief, Temperature 
and Soil Covering), and other fields refer to variables which 
are distributed in a discrete way (e.g., Population and 
Epidemic Occurrences) [23]. GeographicObject class is a 
generalization of all classes of geographic phenomena that 
can be individualized. The SpatialObject class generalizes 
classes that are used for specification of the spatial component 
representation of the geographic phenomena. 
Class lifeCycleInventory is the data collection portion of 
LCA, consisting of detailed tracking of all the flows in and 
out of the product system, including raw resources or 
materials, energy by type, water, and emissions to air, water 
and land by specific substances. ImpactCategories class 
represents environmental issues of concern [24], which is 
divided to two categories; Midpoint category represents 
greater reliability and Endpoint category which represents 
greater relevancy. Resources class is source or supply, from 
which benefit is produced with three main characteristics of 
utility, limited availability, and potential for depletion or 
consumption (Economic resources, Biological resources, IT 
resources, Land resources, Human resources and Capital 
resources). 
6. Case Study 
For verifying effectiveness of proposed model, we executed a 
design modification of a flashlight to territorialize its design 
and development. We first constructed the product service 
model and its life cycle flow model based on the current 
flashlight Figure 2. Next, we selected the region of 
Champagne Ardenne in northeast of France to redesign the 
flashlight based on territorial specifications which is 
supported by GIS. 
 
 
 
 
Fig. 2.  Existing Flashlight lifecycle and  bill of material 
 
As shown in Figure 3, the original product structure model 
was not applicable to the proposed model because some raw 
materials and parts are importing from outside of defined 
territory. 
 
 
 
Fig. 3.  Geographical presentation of lifecycle steps for 
existing Flashlight  
 
In previous design, Head, barrel and cap of flashlight are 
made from Polyethylene in China and then transported to 
France. In new design, agriculture based material as the most 
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potential material sources in Champagne-Ardenne (Figure 4) 
are going to replace with Polyethylene. 
 
 
 
Fig. 4. Bio based resources in Champagne-Ardenne (France) 
 
This replacement is going to eliminate plastic, as with most 
polypropylene is sourced from non-renewable petroleum and 
its manufacture is resource-intensive, based on regional 
information which is extractable though GIS and applicable in 
design process (Figure 5). Moreover, for each material which 
is available on GIS, its function and behaviours should be 
evaluated. 
 
 
 
Fig. 5. Class diagrams for material selection 
 
 
In the next step after the evaluation that is implemented in 
terms of function and behaviour for new materials, wood is 
selected instead of Polyethylene and the hierarchy, 
connectivity, and layout (geometry) of original flashlights is 
changed to enable this redesign (Figure 6). That is revealed 
head, cap, barrel and tail cap as three different parts, should 
be manufactured as an integrated part to be able to have 
sufficient strength.  
 
 
Fig. 6. New and existing product structure’s relationship 
 
In order to evaluate the environmental assessment of new 
design the simplified LCA is applied rather than a detailed 
one is selected using SimaPro software. The product and 
some stages of its life cycle are simplified to limit the data 
involved during the design process (Figure 7). The life cycle 
phase included is Materials selection and the regional 
potential impact categories selected are: Acidification, 
Eutrophication and Climate Change. This simplified study is 
being conducted to verify the environmental benefit of using 
territorial sources in the design of a flashlight.  
 
 
 
Fig. 7. Original Flashlight lifecycle and geographical 
locations 
 
The new LCA results have demonstrated that because of 
removing Polyethylene and long distance transportation the 
choices are better in term of environmental impacts and fulfil 
all initial requirements (Figure 8).  
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Fig. 8. Simplified LCA results 
 
The solution is a flashlight with a wood body. The product 
designer has modelled on CAD software the final product 
(figure 9).  
 
 
Fig. 9. New and existing design 
 
As this new product and related service modelling requires 
structural changes, further assessment of its feasibility is 
needed to consider, e.g., reliability, manufacturability, and 
market capability. Moreover, more accurate simulation should 
be executed by adding precise data related with service, 
product and geography at the later stage of life cycle design. 
This new model will be used to efficiently manage the 
consistency between the product model, service model and its 
relation with specified territory. However, consistency from 
social and economic aspects should be supported by the 
model. The development of such management methods is one 
of our future goals. 
7. Conclusion 
This work is, in itself, not a development of a new model 
rather, it is an attempt to indicate the importance of 
geographical information in product-service design. It is 
expected that the core model presented in this report, with 
suitable modifications based on experience, can serve as the 
information transfer mechanism for next-generation product 
development tools, either in the basic form presented here or 
as the base-level representation of the multilevel design 
information flow model. 
In summary, the paper shows that GIS could be included in 
product-service model to localize environmental, economic 
and social, related to specific locations when designing a 
sustainable product. It will lead to the definition of an 
integrated framework (integration of geographic and product 
data) in order to support decision making, especially in BOL. 
References 
[1] D. Brissaud and S. Tichkiewitch, “Product models for life-cycle,” CIRP 
Ann. Technol., vol. 50, no. 1, pp. 105–108, 2001. 
[2] A. Matsokis and D. Kiritsis, “An ontology-based approach for Product 
Lifecycle Management,” Comput. Ind., vol. 61, no. 8, pp. 787–797, 2010. 
[3] K. Vadoudi, R. Allais, T. Reyes, and N. Troussier, “Sustainable Product 
Lifecycle Management and Territoriality: New structure for PLM,” in PLM 
International Conference, 2014, p. 10. 
[4] M. S. Bloor, “STEP-standard for the exchange of product model data,” in 
Standards and Practices in Electronic Data Interchange, IEE Colloquium on, 
1991, pp. 1–2. 
[5] S. J. Fenves, S. Foufou, C. Bock, and R. D. Sriram, “CPM2: a core model 
for product data,” J. Comput. Inf. Sci. Eng., vol. 8, no. 1, p. 14501, 2008. 
[6] G. Seliger, R. Gegusch, P. Müller, and L. Blessing, “Knowledge 
generation as a means to improve development processes of industrial 
product-service systems,” in Manufacturing Systems and Technologies for the 
New Frontier, Springer, 2008, pp. 519–524. 
[7] H. Meier, R. Roy, and G. Seliger, “Industrial Product-Service Systems—
IPS2,” CIRP Ann. - Manuf. Technol., vol. 59, no. 2, pp. 607–627, Jan. 2010. 
[8] J. C. Aurich, C. Fuchs, and M. F. DeVries, “An approach to life cycle 
oriented technical service design,” CIRP Ann. Technol., vol. 53, no. 1, pp. 
151–154, 2004. 
[9] A. Vasantha, G. Vijaykumar, R. Hussain, M. Cakkol, R. Roy, S. Evans, 
and A. Tiwari, “An Ontology for Product-Service Systems,” 2010. 
[10] F.-L. Krause, F. Kimura, T. Kjellberg, S.-Y. Lu, L. Alting, H. A. 
Elmaraghy, W. Eversheim, K. Iwata, N. P. Suh, and V. A. Tipnis, “Product 
modelling,” CIRP Ann. Technol., vol. 42, no. 2, pp. 695–706, 1993. 
[11] F. E. H. Tay and J. Gu, “Product modeling for conceptual design 
support,” Comput. Ind., vol. 48, no. 2, pp. 143–155, 2002. 
[12] J. H. Lee, S. J. Fenves, C. Bock, H.-W. Suh, S. Rachuri, X. Fiorentini, 
and R. D. Sriram, “A semantic product modeling framework and its 
application to behavior evaluation,” Autom. Sci. Eng. IEEE Trans., vol. 9, no. 
1, pp. 110–123, 2012. 
[13] R. Silvestro, L. Fitzgerald, R. Johnston, and C. Voss, “Towards a 
classification of service processes,” Int. J. Serv. Ind. Manag., vol. 3, no. 3, pp. 
62–75, 1992. 
[14] H.-J. Bullinger, K.-P. Fähnrich, and T. Meiren, “Service engineering—
methodical development of new service products,” Int. J. Prod. Econ., vol. 
85, no. 3, pp. 275–287, 2003. 
[15] M. Péti, “A territorial understanding of sustainability in public 
development,” Environ. Impact Assess. Rev., vol. 32, no. 1, pp. 61–73, Jan. 
2012. 
[16] A. Morbidoni, C. Favi, and M. Germani, “CAD-Integrated LCA Tool: 
Comparison with dedicated LCA Software and Guidelines for the 
improvement,” in Glocalized Solutions for Sustainability in Manufacturing, 
Springer, 2011, pp. 569–574. 
[17] J. Meyers, “GIS in the utilities,” Geogr. Inf. Syst. Manag. Issues Appl., 
vol. 2, pp. 801–818, 1999. 
[18] L. Azaz, “The use of Geographic Information Systems (GIS) in 
Business,” Int. Conf. Humanit., pp. 299–303, 2011. 
[19] A. Brimicombe, GIS, environmental modeling and engineering. CRC 
Press, 2010. 
[20] G. Finnveden, M. Z. Hauschild, T. Ekvall, J. Guinée, R. Heijungs, S. 
Hellweg, A. Koehler, D. Pennington, and S. Suh, “Recent developments in 
Life Cycle Assessment.,” J. Environ. Manage., vol. 91, no. 1, pp. 1–21, Oct. 
2009. 
[21 M. K. Da Silva, E. Guyot, S. Remy, and T. Reyes, “A Product Model to 
Capture and Reuse Ecodesign Knowledge,” in Product Lifecycle 
Management for Society, Springer, 2013, pp. 220–228. 
[22] C. Iochpe, “Specifying analysis patterns for geographic databases on the 
basis of a conceptual framework,” in Proceedings of the 7th ACM 
international symposium on Advances in geographic information systems, 
1999, pp. 7–13. 
[23] J. L. De Oliveira, F. Pires, and C. B. Medeiros, “An environment for 
modeling and design of geographic applications,” Geoinformatica, vol. 1, no. 
1, pp. 29–58, 1997. 
[24] M. A. Curran, Life cycle assessment handbook: a guide for 
environmentally sustainable products. John Wiley & Sons, 2012.  
 
 
 
 
